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VALUING CHANGES IN DRINKING WATER QUALITY USING AVERTING EXPENDITURES

ABSTRACT

Drinking water quali ty is an important public pol icy issue in
the United States. Analysis of drinking water pol icies include
economic valuation of the costs which contamination imposes upon
soc ie ty . An important impact of drinking water contamination is an
increase in the health risk of water use. Individuals affected by
drinking water contamination may take measures to reduce or eliminate
the  r i s k . These measures are referred to as averting behaviors.
This study focuses on the usefulness of averting expenditures in
estimating the value of changes in drinking water quality.

Mathematical and graphical models interpret averting behavior
costs as a lower-bound estimate of the true willingness to pay for
marginal and non-marginal changes in drinking water quality.
Empir ical analysis indicates that household level avert ing
expenditures increased by 58% when a community was affected by
drinking water contamination. Factors inf luencing these avert ing
costs included the presence of young children in the household,
perceptions of the health risk of the contaminant and the amount of
information received or obtained about the contaminant. Also, the
implications of the findings for academic researchers and policy-
makers are discussed.
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Chapter 1

INTRODUCTION

Pure and rel iable water is necessary for sustaining al l  l i fe.
However, the quality of water supplies is often threatened by
contamination from many different sources (U.S. Congress, 1987). Due to
increasing public awareness and concern, water quality has become an
important publ ic pol icy issue in the United States. Considerable
legislat ive effort  is being devoted to water qual i ty issues in an attempt
to protect the nation’s water suppl ies. These issues include the accurate
monitoring of the qual i ty of water suppl ies and sett ing eff ic ient water
quality standards (U.S. Congress, December 1985).

Approximately f i f ty percent of the water used for residential
purposes in the United States is obtained from groundwater sources
(Sol ley ,  e t  a l . ,  1985) . Groundwater quality is often threatened from
agr i cu l t u ra l , indust r ia l  and munic ipa l  ac t iv i t ies . Groundwater
contamination incidents are occurring with increasing frequency in the
United States. Guidelines and standards for groundwater quality were
established by thirty-seven states between 1985 and 1987 (U.S. EPA, 1988).
Groundwater sources are being monitored more closely to detect the presence
of hazardous contaminants.

The effective management of groundwater resources requires
intel l igent pol icy-making strategies (McDonald and Kay, 1988). Pol icies
are establ ished ut i l iz ing various inputs into the decision-making process,
including economic, legal,  pol i t ical and administrat ive (Greenley, et al. ,
1982). These sources can provide decision makers with guidelines to follow
in determining which policies to adopt.

Economics presents many such guidelines for establishing efficient
po l i c i es . Most economic policy analysis is based on some form of social
welfare function to weigh costs and benefits. Accepted theory suggests
that policies should be implemented if the economic benefits of the policy
are greater than the economic costs, unless there exists an alternate
policy which is clearly more beneficial (Mil ls, 1978). Such a pol icy is
considered to increase the welfare of society as a whole.

The costs of implementing policies which improve the quality of some
environmental factor can normally be estimated directly. For example,
improving the quality of water supplied to residences may involve
instal l ing better puri f icat ion systems in municipal plants, more accurate
monitoring systems and other equipment. While estimating costs may be a
complicated task, few dif f icult ies arise identi fying and determining costs.
However, since a market does not exist for environmental quality, the
benefi ts of environmental improvement pol icies are dif f icult  to quanti fy in
economic terms (Freeman, 1979).
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Several techniques are available to estimate the economic benefits of
environmental improvements or, conversely, the economic costs of
detrimental environmental changes. These approaches are either indirect,
normally using existing markets to infer a value towards a non-market
commodity, or direct, presenting a hypothetical market where valuations are
expressed. The three estimation methods most frequently utilized when
analyzing environmental issues affecting human health are the cost of
illness, contingent valuation and averting behavior methods (Dickie and
Gerking, 1988). Each of these methods have theoretical and empirical
strengths and weaknesses.

This study focuses on the appl icabi l i ty of the avert ing behavior
method to the economic valuation of drinking water quality. The averting
behavior method is an indirect approach to valuing changes in environmental
qua l i t y . The research has the following six objectives.

The f irst object ive is to interpret the avert ing behavior as a
theoretical measure of the economic benefits of environmental improvement.
Previous literature will be reviewed and used as a basis to develop
theoret ical models. These models will first consider marginal changes in
drinking water quality and then be expanded to include non-marginal
changes.

The second objective is to compare the averting behavior method to
other economic estimation methods. Ex is t ing l i te ra ture  wi l l  be rev iewed to
compare the strengths and weaknesses of each method.

Third, the research wil l  empir ical ly est imate household level
expenditures in two similar communities, one affected by drinking
contamination problems and one that is unaffected. The household
a water contamination incident wi l l  be calculated. Information on

avert ing
water
costs of
the

economic damages of drinking water contamination can assist policy-makers
to make better decisions.

Fourth, an alternate method of el ici t ing r isk perceptions about water
contamination from households wi l l  be developed. Several di f f icult ies have
been evident in recent studies of r isk perceptions. Information concerning
risk perceptions wil l  be col lected from avai lable l i terature and previous
research to determine the weaknesses of present methods for eliciting risk
perceptions. The method will then be utilized in mail questionnaires to
col lect data on r isk perceptions. Attitudes towards risks and the accuracy
of risk perceptions will be analyzed by comparing objective risk with
subject ive r isk values. The new method may be useful to researchers in
developing survey instruments which can be better understood by
respondents to yield more accurate and meaningful results.

The f i f th object ive is to determine the factors inf luencing avert ing
decisions. Individuals will be asked questions via mail questionnaires
concerning avert ing act ivi t ies, r isk perceptions and att i tudes and
demographic information. Hypotheses will be made concerning the direction
of influence of independent variables on averting expenditures. Regression
models wi l l  be constructed to test these hypotheses. This information is
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useful to policy makers since some of the independent variables, such as
risk perception, can be affected by legislat ion while others factors are
independent of legislat ion. The abi l i ty of pol icy makers to inf luence
averting behavior depends on which factors are involved in individuals’
avert ing decisions.

The last object ive is to est imate the wi l l ingness to pay for
reductions in the health r isks of contaminated drinking water. Avert ing
expenditure data wil l  be used with r isk perception information to obtain
these results. The “value of a stat ist ical l i fe” can be calculated for the
data set and compared with other studies. The va lue o f  a  s ta t is t ica l  l i fe
is an approach to determine society’s wi l l ingness to pay for r isk
reductions. Details of this approach are presented in Chapter 3. Few
empir ical results are avai lable on the value of safe drinking water. The
value of a stat ist ical l i fe related to drinking water r isks has never been
calculated using household level avert ing expenditures. This research wil l
present such values which can then be used to make comparisons with future
studies. This information can also inform policy makers of the value
individuals’  assign to r isk changes.

The above objectives will be met through theoretical development of
models and analysis of empirical data collected from mail questionnaires.
Chapter 2 introduces methods of economic benefit estimation. The
theoretical foundations of the averting behavior method will be explored
through the household production function. Recent studies exploring the
theoret ical interpretat ion of avert ing behavior est imates are reviewed.
Also, the empir ical conclusions of relevant art ic les are presented. Then,
theoretical models are presented and investigated for marginal and non-
marginal changes in environmental qual i ty. The interpretat ions of the
models are given along with possible complications affecting the accuracy
and policy relevance of the averting behavior method.

Chapter 3 presents the empirical procedures. The experiment sites are
introduced and explanations given for si te select ion. The analyt ical
procedures are described. The model’s variables are introduced, along with
reasons for inclusion and the expected relat ionships. Lastly, the method
of el ici t ing r isk perception through a mail  questionnaire is explained.
The rationale supporting this method will be stated by comparing it with
existing methods of determining risk.

In Chapter 4, the descript ive empir ical results are presented. The
averting expenditure estimates obtained from the mail questionnaires are
presented. The results of risk perception are calculated and explained.
F ina l ly ,  the va lue o f  a  s ta t is t ica l  l i fe  is  ca lcu la ted us ing aver t ing
expenditures and compared with the findings of other researchers.

Chapter 5 presents the empir ical regression results. The factors that
inf luence avert ing behavior are identi f ied and interpreted. This
information can be relevant to policy-makers since some factors affecting
averting behavior may be influenced by policy decisions and others may not.
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Chapter 6 draws conclusions from the study’s findings and presents
pol icy  impl icat ions. The useful information relevant to both academic
researchers and policy makers will be summarized. Conclusions will be made
concerning the strengths, weaknesses and applicability of the averting
behavior method for drinking water qual i ty issues. The potential  strengths
and l imitat ions of the r isk el ici tat ion method used for this study are also
discussed. Lastly, suggestions are made concerning future theoretical and
empir ical research.
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Chapter 2

METHODS OF ECONOMIC BENEFIT ESTIMATION

2.1. In t roduct ion

This chapter reviews l i terature relevant to the est imation of the
costs and benefits associated with environmental quality changes. The
first section introduces the economic measures used to quantify these costs
and benefits. Then, the averting behavior valuation method is defined.
The two most commonly used alternatives to the averting behavior method,
cost of i l lness and contingent valuat ion, are discussed. The theoret ical
development of the averting behavior method is reviewed, including the
household production function l i terature. Recent theoretical and empirical
studies are presented with an emphasis on the interpretation of averting
behavior results and comparisons between alternate estimation methods.
Theoretical models will be developed to relate averting behavior estimates
to the actual costs and benefits of marginal and non-marginal changes in
environmental qual i ty. Lastly, r isk analysis is introduced as an
important consideration in valuing changes in environmental quality.

2.2. Willingness to Pay

Water pollution imposes certain costs upon society that must be
estimated in monetary terms to be useful in policy analysis. An economic
foundation for valuing changes in environmental quality assumes that
individuals affected by a change can associate some monetary value with it
(Freeman, 1979). This valuation is determined by individuals’ preferences,
income and information concerning the effects of a change. Note that
actual, ex post, or proposed, ex ante, changes may be valued. From an
individual’s viewpoint, an environmental improvement can be defined as a
change that  d i rect ly  or  ind i rect ly  resu l ts  in  increases in  u t i l i ty  w i th
other factors being held constant. In most circumstances, the
determination of a positive or negative environmental change is based on
reasonable assumptions that define the preferences of rational individuals.

Willingness-to-pay (WTP) is the maximum amount of money affected
individuals would pay for a positive environmental change. At the WTP
amount, individuals are assumed to be indifferent between the present
situation and the improvement with the payment. Willingness-to-accept
(WTA) is defined as the minimum monetary compensation that would have to be
given to affected individuals after a negative environmental change so that
they would be at the same utility level as before the change. Both WTP and
WTA can be stated as the necessary income change, positive or negative,
t ha t  r e tu rns  t he  a f f ec ted  i nd i v i dua l  t o  t he i r  o r i g i na l  u t i l i t y  l eve l .
Estimates of WTP and WTA can be used to value marginal and non-marginal
changes in environmental quality.
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There are three widely accepted methods for analyzing the welfare
effects associated with non-marginal changes in the quality of
environmental factors (Freeman, 1979). These are ordinary consumer surplus
(CS), compensating variation (CV) and equivalent variation (EV). Consumer
surplus is defined as the area under the Marshallian demand curve but above
the pr ice  leve l . Since the demand curve for water quality or health is
dif f icult  to determine, CS is not recognized as pract ical for this
s i t ua t i on . In addition, Freeman states that CS can not be defined
of the underlying indifference curves and is normally different from
other measures.

Compensating variation is defined as the amount of money that
taken away after an economic change such that the individual is no
or worse off than before. Note that  CV uses the or ig ina l  u t i l i ty

in terms
the

can be
be t t e r
level as

a reference point. Equivalent variation is defined as the amount of money
that would have to given to an individual, before an economic change, such
that the individual is no better or worse off  than i f  the change took
place. Thus, EV and CV differ in the reference utility level. CV and EV
will not necessarily be the same value but, under most circumstances, CV
and EV will differ only marginally and the choice of the applicable method
is often subjective (Mishan, 1981b). Graphical analyses will be used to
further differentiate between CV and EV later in this chapter.

2.3. Definition of the Averting Behavior Method

Individuals exposed to an undesirable level of some environmental
factor can react in several ways (Shibata and Winrich, 1983). They may
choose to do nothing in response to the situation. They may attempt to
improve the situation by bribing the producer of the external i ty or
promoting public action that reduces the level of contamination (Zeckhauser
and Fisher, 1976). Finally, they may take some actions to reduce or
el iminate the harmful effects of the external i ty as a means of self-
protection (Shogren and Crocker, 1989). This is known as averting behavior
or avert ing act ions.

For averting behavior (AB) to be an effective option, either market
goods or protective actions must exist which reduce or eliminate the
harmful effects of a contaminant. Individuals faced with this opt ion must
decide how much, if any, averting behavior will be undertaken. There is an
economic cost associated with any level of averting behavior (Watson and
Jakesch, 1982). This cost includes expenditures on averting goods
purchased in markets and the opportunity cost of household resources
a l located to  aver t ing  ac t iv i t ies . The AB method of economic estimation
uti l izes market and non-market information to indirect ly infer values for
dif ferent environmental states.

There is a difference between averting behaviors and averting
expenditures. Avert ing behaviors refer to the actual act ivi t ies
undertaken by an individual for protect ion against the harmful effects of a
contaminant. For example, using bottled water is an averting behavior
which reduces exposure to contaminants in drinking water. Averting
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expenditures refer to the total dol lar value associated with the avert ing
behaviors being undertaken. The terms defensive behaviors and defensive
expenditures
expenditures

Theoretical
models which
associated 
measures for

can be substituted for averting behaviors and defensive
respect ive ly .

ana lyses,  presented la ter  in  th is  chapter ,  have developed
indicate that AB information can estimate the economic damages
with contamination. These estimates can provide benefit
environmental quality improvements. However, the

applicabi l i ty of AB measures is l imited by the val idity of the model’s
assumptions (Courant and Porter, 1981; Bartik, 1988).

2.4. Alternative Methods of Benefi t  Est imation

Several economic methods are commonly used to estimate benefits of
environmental improvements. These methods include travel cost, cost of
i l lness, hedonic pricing, contingent valuation and avert ing behavior.
However, only the averting behavior (AB), contingent valuation (CV) and
cost of illness (COI) methods have been frequently used to value changes in
environmental factors which affect individuals’  health (Dickie and Gerking,
1989). This section will introduce the CV and COI methods and discuss
their strengths and weaknesses.

2 .4 .1 . The Cost of Illness Method

The cost of il lness method, similar to the AB method, is an indirect
approach to benefit estimation which infers willingness to pay for improved
environmental states. The COI method assumes that the harmful
environmental factor may result  in sickness or injury that requires direct
expenditures for treatment (such as doctor visits or medication) and
indirect costs (such as lost work and leisure time) (Harrington and
Portney, 1987). Costs may also include some preventative measures, such as
diagnostic expenses and immunization. Also, COI attempts to account for
mortality losses and morbidity losses by estimating lost income over a
lifetime. However, the COI method does not take into consideration other
consequences of disease, such as pain and suffering (Cooper and Rice,
1976) . The cost to society of a negative externality is estimated by
adding direct and indirect i l lness costs. The reduction of a negative
external i ty level is assumed to result  in reduced incidence or severity of
the disease, or diseases, associated with the external i ty (Berger, et al . ,
1987) .

The appeal of the COI method appears to stem from the ease of
calculation of estimates since information on every case does not need to
be col lected. First, the prevalence of a disease must be known in the
study area. Then, an estimate is made from medical information concerning
the probability that a certain environmental factor caused onset of the
disease. Lastly, information is obtained from actual cases of the disease
or medical records about the costs associated with these cases. The main
weakness of the COI method is that theoretical analyses have found no
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direct connection between COI estimates and willingness to pay (Dickie and
Gerking, 1989). Thus, the accuracy of COI measures in estimating
wil l ingness to pay is l imited by the interpretat ion of the est imates.
Also, most COI studies do not include information on defensive
expenditures. Most researchers conclude that the COI method understates
true willingness to pay (Harrington and Portney, 1987).

2.4.2. The Contingent Valuation Method

The CV method has been used by economists to value goods for which no
direct market exists (Randall ,  et al. ,  1983). CV usually involves
presenting a sample of individuals with a hypothetical situation in which a
change af fec ts  the ind iv idua l ’s  u t i l i ty .  I f  the change is  benef ic ia l ,
respondents are asked how much they would be willing to pay to assure that
the change occurs. If the change is detrimental, the respondents are asked
how much they would be willing to pay so that the change does not take
place. The hypothetical situation can be presented to the respondents
through mail questionnaires or telephone or personal interviews. The
reliability of the CV method depends on the realism of the situation, the
wording of questions and the amount of attention the respondents give to
the questions (Dickie and Gerking, 1989).

The CV method’s main advantage is that it directly obtains a
theoretically correct measure of willingness to pay. While the COI and AB
methods are indirect approaches, CV attempts to measure willingness to pay
directly by asking individuals using a hypothetical si tuation. However,
several biases have been found to be associated with the CV method,
especially when used to value environmental factors. Burness, et al.
(1983) state that theorizing an environmental situation as a “commodity”
that can be described in a CV market may be incorrect. Also, they question
the va l id i ty  o f  hypothet ica l  va luat ion in  reveal ing preferences.  S ince the
individual does not have to actually pay any money in a hypothetical
situation, bids for environmental improvement can be biased due to
inabi l i ty to consider actual income, strategic bids in which the
respondent attempts to bias a bid in the direction of a desired end and
misunderstanding of questions. Several researchers (Thomson 1987; Viscusi,
1986) report that many respondents have difficulties responding
thoughtful ly to hypothetical questions concerning health r isks. Randall ,
et al. (1983) suggest CV surveys may contain a “hypothetical bias”. This
bias exists since there is no penalty for inaccurate responses. Thus, less
thought and effort may be applied to the question than would exist in an
actual market. Research does not suggest how much of a distortion this
bias creates or even i ts direct ion. There is strong support for the
contingent valuation method but many problems exist in determining the
accuracy and interpretat ion of empir ical results (Dickie and Gerking,
1989).

2.5. Theoretical Development of the Averting Behavior Method

While the importance of averting behavior in calculating the economic
impacts of environmental policies has long been recognized, detailed
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analysis has been ongoing for about fifteen years. Ear ly  theoret ica l
art icles that analyzed environmental pol icy making noted that fai lure to
consider avert ing possibi l i t ies when designing pol icies could result  in
ineff ic ient outcomes. The classic article by Cease (1960) introduced the
concept of bargaining between the producer of an externality and the
ind iv idual  adverse ly  a f fected by the externa l i ty .  By bargain ing,  the
producer and individual could achieve an economical ly eff icient solut ion.
Cease presented an example in which a farmer’s crops were being damaged by
stray catt le from an adjoining ranch. The possibi l i ty was noted of
erecting a fence between the properties when the rancher’s herd reached a
certain number of catt le. Cease concluded that the outcome would be the
same regardless of how the property rights were distributed. Whether the
fence would be erected would be determined by comparing the marginal
benefi ts of the fence with the marginal costs, i rrespective of the property
r i gh t s .

Michelson and Tourin (1966), in deriving estimates for the costs of
a i r  po l l u t i on , indicated that defensive actions were considered in air
pollution studies as early as 1913. Included in their estimates were such
costs as window cleaning, house painting and dry cleaning costs. Baumol
(1972) noted that the presence of avert ing possibi l i t ies can affect the
ef f ic ient  P igouv ian tax  s t ruc ture . T

The present theory of averting behavior has its conceptual
foundations in household production analysis (Dickie and Gerking, 1989).
Early work on household production theory includes Becker (1965) and
Lancaster (1966). Becker, in developing a model for the allocation of
time, departed from traditional economic theory by considering that market
goods and time could be combined to produce commodities that yield direct
u t i l i t y . Lancaster stated that a good may be utilized by the household to
produce more than one commodity and that a commodity may require several
market goods as inputs. Thus, household production theory is similar to
the macroeconomic theory of firms, emphasizing that inputs are used to
produce a commodity according to a production function. The inputs should
be ut i l ized to achieve a least cost production of a certain quanti ty of
the commodity. Bockstael and McConnell (1983) refer to these results as
“commodity service flows”. Households produce these commodity service
flows according to production functions which differ across households.

An application of the household Production function has been towards
health issues. In this framework,
stock of health which diminishes
investment. Grossman (1972)
household production of health
from the flow of health and

1 A Pigouvian tax structure

i n d i v i d u a l s  a r e  e n d o w e d  w i t h  a  g i v e n
w i th  age  and  can  be  i nc reased  w i t h
presented the f i rst conceptual izat ion of the
H e  a s s u m e d  t h a t  i n d i v i d u a l s  d e r i v e  u t i l i t y
the amount of other commodities in each time

involves the use of taxes or subsidies
levied on externalities to induce them to produce at Pareto
eff icient levels (marginal cost of addit ional production is equal to
marginal benefits) (Mishan, 1976)
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period being considered. In this model, individuals have a downward
sloping demand curve for health state and face an inf ini tely elast ic
(horizontal ) supply curve since the cost of market goods does not vary with
an individual ’s health stock. One simple equilibrium condition that
resulted was that individuals maximize ut i l i ty by sett ing the present value
of the marginal cost of health equal to the present value of the marginal
benef i ts . Also, the analysis demonstrated that individuals produce an
eff ic ient level of health at least cost,  considering the two inputs as
market goods and time, by setting the increase in health from an additional
dollar of market goods equal to the increase in health from an additional
do l la r  o f  t ime. Some insights the model provided were that the quantity of
health-related market goods demanded should decline throughout one’s life
cycle, the demand for health stock and market goods should be positively
related to the wage rate and, i f  education affects the production funct ion
for health, then education should increase the demand for health.

Pollack and Wachter (1975) noted that the applicability of the
household production function towards the demand for health is strongly
dependent upon the simplifying assumptions made. A complication that may
arise is the ut i l izat ion of t ime in the production of a commodity. Since
time given to the production of many commodities may also directly enter
the u t i l i ty  funct ion,  the pr ice o f  hea l th  may be b iased.  I f  the
assumptions allow the household production framework to be applied, some
possibi l i t ies are suggested. First,  di f ferences among individuals in the
consumption of market goods can be attributed to varying production
funct ions instead of di f ferences in tastes and preferences. Second, the
household production function provides a model for the allocation of goods
and time within the household. Lastly, the household production function
concentrates on commodities while conventional demand theory deals only
with market goods.

In studying the demand for wildlife recreation, Bockstael and
McConnell (1980) suggested that the production of commodities is a two-step
process. The f i rst involves the determination of the least cost bundle of
inputs that will produce a given level of the commodity. The second step
is to maximize ut i l i ty subject to an income constraint.  A change in pol icy
will reflect a change in the marginal cost of the commodity which will
a l ter  the u t i l i ty  maximiz ing so lu t ion. Later work by Bockstael and
McConnell (1983) suggested that knowledge of the household production
function is not necessary to value changes in welfare but that benefits and
costs of policies can be valued by analyzing changes in the demand for
market goods. Thus, changes in environmental quality can be studied
indirectly through Marshall ian demand curves.2  The cr i t ical

2 Marshallian demand curves are derived from observable demand and
allow utility to change with price and income changes. Marshallian
demand curves differ from Hicksian, or compensated, demand curves
which keep utility constant with price and income changes and are
not observable (Varian, 1978).
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assumption noted by Bockstael and McConnell was that the inputs have no
value other than in the production of the commodity.

The first conceptual analysis of averting behavior was made by
Zeckhauser and Fisher (1976). This study concluded that a fai lure to
include avert ing possibi l i t ies in designing environmental pol icies
generally results in an underestimate of the benefits of reducing the
level of a negative external i ty or an overest imate of the costs of
increasing the level of an external i ty. Thus, pol icy-making would be
biased towards the status quo situation if averting expenditures are not
recognized. The article extended the example of the farmer and the rancher
introduced by Cease (1960) by noting that the fence between the properties
can be of di f ferent strengths. In this si tuat ion, an increase in the
number of cattle in the rancher’s herd may cause the farmer to increase the
strength of an exist ing fence. However, this does not change the
efficiency conditions that were presented by Cease. Zeckhauser and Fisher
presented a basic model which suggests the efficient averting behavior
level is determined when the marginal cost of averting behavior is equal to
i ts  marg ina l  benef i t . Also, the consideration of moving to a new location
as an averting behavior was introduced in an algorithm that determined
efficient relocation of individuals when exposed to a change in the level
o f  no ise po l lu t ion.

Other researchers (Mills, 1978; Seneca and Taussig, 1979) suggested
that averting expenditures may provide a lower bound estimate of the costs
o f  po l l u t i on . Courant and Porter (1981) presented the first theoretical
comparison between averting expenditure measures and willingness to pay.
They presented two models dealing with changes air pollution levels, one in
which air qual i ty does not enter into the direct ut i l i ty function and one
in which it does. Courant and Porter showed that averting expenditures
are an upper or lower bound estimate of willingness to pay depending on the
assumptions about the household production function’s properties and
whether  a i r  po l lu t ion d i rect ly  entered the ut i l i ty  funct ion. Also, they
concluded that averting expenditures may not be a good approximation of
willingness to pay since some theoretical components of the change in
avert ing expenditures are dif f icult  to measure. When air pol lut ion
direct ly entered the ut i l i ty function, Courant and Porter stated that, even
with valid assumptions about the household technology function, whether
averting expenditures place any bounds on willingness to pay may be
d i f f i cu l t  to  determine. Further, ut i l i ty terms can enter the expression
for a change in averting expenditures which cannot be estimated without
information concerning the production and ut i l i ty functions.

The models presented in Courant and Porter, as well as Watson and
Jaksch (1982) and Harford (1983), viewed air pollution as affecting
personal or household cleanliness and do not consider any health effects.
Harford refers to the “unit cost of a cleaning episode” as a function of
air pol lut ion and, possibly, the frequency of cleaning episodes. These
a r t i c l es  repo r t  d i f f i cu l t i es  i n  t heo re t i ca l l y  i n t e rp re t i ng  ave r t i ng
expenditure measures. If these models considered the health effects of
changes in pollution, averting expenditure measures would be even more
d i f f i c u l t  t o  i n t e r p r e t . Of the three, only Watson and Jaksch attempted to
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empirically measure the welfare gains associated with improved air
qua l i t y .

Harrington, Krupnick and Spofford (1986) developed a model for the
loss in social welfare associated with an increase in pol lut ion. The
expression for the true cost included terms for the direct ut i l i ty losses
of  i l lnesses,  los t  work  product iv i ty ,  los t  work  t ime,  los t  le isure  t ime,
medical expenses and defensive expenditures. Harrington and Portney (1987)
reported that the sum of changes in averting expenditures and cost of
i l lness is l ikely to be a lower bound estimate to wil l ingness to pay,
assuming individuals did not increase averting expenditures in response to
an decrease in pollution. I f  po l l u t i on  has  d i r ec t  u t i l i t y  e f f ec t s ,  t he
probability is even higher that the sum of the changes in averting
expenditures and COI would provide a lower bound to WTP. They concluded
that  the poss ib i l i ty  ex is ts  to  observe t rue benef i ts  in  pr inc ip le  but
obtaining the necessary information regarding market and non-market
behavior normally prohibits the analysis.

Dickie and Gerking (1989) reviewed the literature on the COI, CV and
AB methods. They noted that CV estimates willingness to pay based on
expressed preferences while AB estimates WTP based on revealed preferences.
Additionally, comparison between averting behavior and COI measures is
difficult since COI reflects values for society while the AB measures
reflect individual behavior. The COI method estimates the total cost to
society of the ailments caused by a particular environmental factor,
including lost wages, foregone tax dollars and decreased productivity. The
social costs obtained from COI, however, do not attempt to correspond to
willingness to pay while AB and CV can be theoretically compared to WTP.
An important point was that the methods have differences in the cost of
operationalization since COI does not require primary data collection
while the AB and CV methods normally require eliciting such information.

Bartik (1988) agreed with others (Courant and Porter, 1981;
Harford, 1983) who have suggested that theoretically correct measures of
WTP could be estimated using averting expenditures if information was
obtainable concerning the household’s production technology. In the
absence of such information, he stated that upper and lower bounds to WTP
could be obtained from a defensive expenditure information for marginal and
non-marginal changes in pollution. Bartik defined a lower bound estimate
of the benefi ts of a pol lut ion reduction as the reduction in defensive
expenditures necessary to reach the originally chosen level of personal
environmental qual i ty. An upper bound to the benefits of a pollution
reduction was defined as the reduction in defensive expenditures necessary
to reach the personal environmental quality chosen after the pollution
reduction. Bartik used measures of compensating variation (CV) and
equivalent variation (EV) to analyze non-marginal changes in environmental
qua l i t y . Four assumptions were considered necessary to support the policy
relevance of Bartik’s upper and lower bound measures. F i r s t ,  t h a t
defensive expenditures can perfectly substitute for changes in the
ex te rna l i t y  l eve l . Second, that defensive expenditures must require no
sunk costs since this will cause the expenditure function to vary according
to whether or not these costs have already been incurred. Third, that the
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expenditure function can be estimated using a known technological
re la t ionsh ip . Lastly, the government must be able to influence or control
t he  ex te rna l i t y  l eve l . Bartik concluded that further empirical work was
needed to determine the policy implications of averting behavior.

Controversy exists concerning the theoretical interpretat ion of
avert ing expenditures. Some researchers have stated that AB measures are
not very useful (Courant and Porter, 1981; Harford, 1983) for policy
analysis while others have determined that AB results have direct policy
implicat ions Harrington and Portney, 1987; Bart ik, 1988). Also,
disagreement exists over how AB compares with other methods of
environmental benefit estimation due to varying theoretical analyses and a
lack of empirical results comparing different methods. The debate over
these methods is not an attempt to determine the “correct” method but to
choose, among several imperfect choices, which is the most applicable to
the specif ic si tuat ion under study.

2.6. Empir ical Avert ing Behavior Studies

Bhagia and Stoevener (1978) made one of the first attempts to
estimate how dif ferences in an external i ty level affect household
behavior. They ut i l ized exist ing medical information from the Port land,
Oregon area. Regression analysis was conducted with medical costs as the
dependent variable. The independent variables included suspended
part iculate level as a proxy for air pol lut ion, meteorological data and
various demographic factors. The results indicated that air  pol lut ion was
not signif icantly related to medical expenditures. However, the authors
suggested that the time lag between pollution and disease onset may be
responsible for the results.

Swartz and Strand (1981) studied the effect of the finding of kepone,
a suspected carcinogen, in the James River in Virginia by determining
shifts in the demand for seafood. They noted that ineff icient behavior by
households is l ikely to exist during a contamination incident due to
incomplete and inaccurate media information. Smith and Desvousges (1986)
were the f irst to empir ical ly measure dif ferences in micro level household
avert ing expenditures based on dif ferences in an external i ty level. They
surveyed two samples, one that had experienced widely publicized problems
with hazardous wastes contamination and one that had not had any problems
with hazardous wastes. The three categories of averting behaviors that
were considered were purchasing bott led water, instal l ing a water f i l ter
and attending public meetings to express views on hazardous wastes. Prob i t
analysis was used to estimate the likelihood that each of these behaviors
would be undertaken. Smith and Desvouges noted that income did not
signif icantly inf luence avert ing behavior decisions but information
concerning contamination levels may affect averting decisions.

Harrington, Krupnick and Spofford (1989) estimated the costs
associated with an outbreak of waterborne giardiasis in Pennsylvania.
Losses were considered as a result of illness and from actions to avoid
exposure to the contaminated water. To el ici t  information on defensive
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behavior, a random sample of 50 individuals was contacted through telephone
interviews. Upper- and lower-bound estimates of total defensive
expenditures were calculated. The conclusion was made that the costs of
the outbreak exceeded the cost of implementing the necessary filtration
system to prevent future outbreaks. So,  i f  the probabi l i ty  o f  fu ture
outbreaks could be estimated, a determination could be made concerning
whether or not the f i l t rat ion system should be instal led.

Gerking and Stanley (1986) estimated willingness to pay for improved
ai r  qual i ty  in  St .  Louis . The dependent variable included in their
analysis was whether or not a doctor was seen at least once a year. Thei r
regression results indicated that ozone concentrat ion had a stat ist ical ly
signif icant inf luence at the .01 level on the dependent variable of doctor
v i s i t a t i o n . Gerking and Stanley reported, however, that the link between
the dependent variable and WTP was not supported by theory and that future
studies may obtain more applicable results by considering the actions taken
by households to avoid exposure to air pollution.

The empir ical l i terature on environmental benefi t  est imation indicates
a need for more comprehensive data collection and improved survey methods.
Most of the studies determined the damages caused by air pollution, through
health and soi l ing effects. Few articles have estimated damages resulting
from water contamination incidents. These have been limited in their
usefulness due to small data sets, missing information and results that
l ack  s t a t i s t i ca l  s i gn i f i cance .

2.7. Summary of Pilot Study

The experimental methods ut i l ized in this research were signif icantly
influenced by information obtained as result of a pilot study undertaken
prior to this study (Abdalla, 1989) conducted in early 1988. While the
results of the pi lot study wil l  not be reported in detai l ,  a summary is
relevant since many possibilities for experimental improvements became
evident during the pi lot study. Many of these changes were incorporated
into the experimental methods of this research to obtain more meaningful
and val id empir ical results.

The pilot study focused upon a groundwater contamination incident in
Centre County, Pennsylvania. The municipal water supply of the Lemont
Water Company contained levels of perchloroethylene (PCE) averaging 25
par ts  per  b i l l ion (ppb) . No maximum contaminant level was set by the EPA
or the Pennsylvania Department of Environmental Resources, although the
proposed standard was 5 ppb. The incident lasted from June of 1987 until
late December, 1987.

An init ial  mail  questionnaire was sent to al l  1600 residential
customers of the Lemont Water Company in mid-February of 1988 and focused
on any changes in household behavior as a result of the PCE contamination.
The initial questionnaire included a question asking respondents to rate
the health risks associated with the levels of PCE in their water supply on
a discrete scale with six possible answers ranging from “Insignif icant
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Risk” to “Very High Risk”. However, no information was elicited concerning
the quantitative risk perception along a continuous scale. A subsequent
mailing was sent to the 1045 households that returned the initial
questionnaire during Spring of 1989. This asked respondents to indicate
along a r isk ladder their perceived r isk of the contamination incident in
terms of the quantitative increase in the risk of developing cancer
throughout one’s l i fet ime. The risk ladder was presented as a linear scale
ranging from a one in a million increase in the risk of developing cancer
to a 100 in a million increase. A copy of this mail ing is included in
Appendix A.

The ini t ial  survey and fol low-up was found to be insuff icient in
several respects after examining comments from respondents and assessing
the needs of this project. F i r s t ,  i n  t he  i n i t i a l  ques t i onna i re ,
respondents were asked to report behavior that had occurred at least two
months previously. This delay was likely to affect the accuracy of the
data since i t  may have been dif f icult  for respondents to accurately recal l
their previous act ions. The information obtained from the second mailing
was even less reliable since individuals were asked to report perceptions
of an incident that had occurred over one year prior to the follow-up
survey. This indicated that more accurate information could be obtained if
an ongoing contamination incident was studied. The primary deficiency of
the pi lot study was the fol low-up mail ing as a representat ion of r isk
perceptions. The risk ladder presented a relatively narrow range of
possible responses. Many individuals indicated their r isk perception above
the l ine representing a 100 in a mil l ion r isk increase. Also, there was
evidence of a bias according to the response of the discrete risk rating
g iven in  the in i t ia l  quest ionnai re . Respondents that rated the health risk
as “Moderate” on the discrete question tended to quantitatively rate the
risk in the middle of the r isk ladder. Other individuals responded in a
s imi lar  fash ion,  ra t ing the i r  quant i ta t ive  r isk  a t  a  po in t  a long the r isk
ladder  cor re la t ing to  the i r  qua l i ta t ive r isk  ra t ing.  Consequent ly ,  the
average rating of the quantitative risk was biased towards the middle of
the risk ladder and the empirical results were considered to contain very
l i t t l e  v a l i d i t y . Lastly, some respondents indicated an inabi l i ty to
respond due to incomplete information or confusion over how to respond to
the question.

Almost 96% of the respondents answered that they were aware of the PCE
contamination. Seventy-four percent, or 773 respondents, indicated that
they had changed their household activities in response to the PCE
contamination. An estimate of the total economic losses due to averting
behaviors resulting from the PCE contamination ranged from $137,371.81 to
$160,344.02 over the six month contamination period, depending on the value
assigned to lost leisure t ime.

Regression models were constructed from the Lemont data set in a
manner similar that described in Chapter 4. The dependent variable was the
estimate of household averting expenditures during the contamination
period. The best stat ist ical model concluded that the qual i tat ive r isk
rating, the number of newspaper articles read concerning the contamination
incident and the number of children under 3 years old had a significant
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positive effects on averting expenditures resulting from the PCE
contamination. Education was found to have a negative influence on
averting expenditure increases. This may reflect knowledge among more
educated individuals that the health risks of PCE were relatively small and
that averting measures were not necessary.

2.8. Model Construction for Marginal Changes in Water Quality

This section examines the theoretical relationship between WTP and
averting expenditures resulting from marginal water quality changes. The
WTP for reducing household water contamination, and WTA for an marginal
increase in contamination, can be defined using the indirect ut i l i ty
funct ion . The indirect ut i l i ty function is the maximum uti l i ty achievable
at given prices and income (Varian, 1978). The water contamination level
a lso enters  in to  the ind i rec t  u t i l i ty  funct ion as an externa l  var iab le .
The following variables, to be used throughout this chapter, can now be
introduced:

V indirect individual utility level
I individual income
C the external contaminant level of the individual’s water

supply.
P price vector of averting goods

Let V(P,I,C) be an individual ’s indirect ut i l i ty function. The WTP for a
reduction in C from Co to Cl (CO>Cl)  is formally defined as:

V(P,I-WTP,C1)  = V(P,I,Co). (1)

The WTA an increase in C from Cl to Co is formally defined as:

V(P,I+WTA,CO)  = V(P,I,C1). (2)

WTP and WTA are widely accepted as the theoretically correct measures for
valuing economic costs and benefi ts of pol icies. Unfortunately, no widely
accepted “correct” method exists for estimating WTP and WTA, through either
direct or indirect approaches.

As noted previously, the averting expenditure approach draws from the
household production l i terature. The theory of household production is
analogous to the theory of production in macroeconomic analysis. In
t rad i t iona l  product ion analys is ,  inputs  are u t i l i zed to  e f f ic ient ly  ach ieve
the desired output. Similarly, in the household production approach,
households utilize available inputs, such as market goods and time, to
obtain maximum utility. Similar to firms, households are limited by a
production possibi l i t ies curve derived from avai lable technology and
resources.

In the models to be developed, households produce a state of health,
also defined by Grossman (1972), Cropper (1981) and Barrington and Portney
(1987). Al l  individuals are endowed with a vector of health



17

characteristics determined by such factors as genetics, childhood
development and the presence of certain diseases or ailments. An
individual ’s health state can be affected by various factors. Some
influences are direct ly under the control of the individual whi le others
are external which the individual has l i t t le control over. Individuals can
purchase goods which can improve their health state through both
preventative and treatment methods. Thus, health is a variable which has
exogenous and endogenous influences. The model assumes that health is a
s tochast ic  var iab le ,  s imi lar  to  Cropper  (1981) .  Ind iv idua ls  are  a lso
assumed to obtain direct ut i l i ty from health, with ut i l i ty increasing as
health increases.

An accepted practice in economic analysis is to define a composite of
commodities as a numeraire good (Mishan, 1981b). Normally, the numeraire
good is stated as all other possible goods and commodities except the
part icular good under analysis. This numeraire good can be utilized as a
medium of exchange for measuring utility changes. The numeraire is
ordinari ly given a unit  price to simpli fy analysis, assuming a constant
tradeoff among the components of the numeraire good. This tradeoff can be
defined in dol lars or actual goods. For example, an individual is able to
trade a constant amount of clothing equal to Y for Z units of food. In
dol lar terms, the individual can simply trade one dol lar of clothing for
one dollar of food at a constant rate. The numeraire good is assumed to
en te r  d i r ec t l y  i n to  t he  i nd i v i dua l ’ s  u t i l i t y  f unc t i on . F u r t h e r ,  u t i l i t y  i s
assumed to increase with increasing amounts of the numeraire good.

Some averting possibilities related to water use, such as boiling or
haul ing water, necessitate individuals’  input of t ime. For example,
haul ing water may involve driving to a certain location. The t ime
associated with averting actions will be estimated and assigned costs in
the empir ical analysis. The t ime required for avert ing act ivi t ies could be
used for other act ivi t ies, such as work or leisure. In the model below,
individuals are assumed to derive ut i l i ty from their leisure t ime, similar
to the specification of Bockstael and McConnell (1980) in which individuals
der ived ut i l i ty  f rom recreat ion.

Addit ional specif icat ions of the model are now possible. The
following variables can be introduced:

d i r e c t  i n d i v i d u a l  u t i l i t y  l e v e l
health state
the numeraire good (assigned a unit price)
defensive good expenditures
to ta l  t ime ava i lab le  ( f ixed)
time used for defensive actions
work time
le isure t ime
amount of leisure
leisure expenditures
amount purchased of the ith defensive input
un i t  pr ice  o f  the i th  defens ive input
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The utility function can be stated as: 

U = U(H,X,L) (3) 

with all first partial derivatives assumed to be positive. Health is 
assumed to be a function of the amount of each averting good purchased and 
the external contaminant level. Individual health can be defined as: 

H = (Y1, Y2,..., YN, C) (4) 

where (Y1,Y2, . . ..YN) is a vector of the amounts purchased of each of N 
possible averting goods. Health is assumed to increase with an increase in 
each Yi and decrease with an increase in C. The health cost function is 
illustrated in Figure 2.1. 

The simplifying assumption is made that the prices of averting goods 
(Pi’s) remain constant. This is likely to be the case since water quality 
changes are normally localized to a certain community and price changes 
would tend to result only from demand shifts involving larger areas. 

The model can be developed by utilizing an individual expenditure 
function. Consumers are assumed to reach a given level of health at least 
cost . The expenditure minimization problem is usually presented as: 

Min D =ZPiY” (5) 
subject to H~Yl,Y2, . ..YN.C) = HM 

where HM is a reference health level. Freeman (1983) indicates that the 
solution to this problem yields the expenditure function. 

In this model, a nonpurchased defensive input, household time, 
enters the health production function. The optimal time allocated to 
defensive activities enters into the utility maximization problem. 
Accordingly, the defensive expenditure function considered here is defined 
contingent upon the amount of family labor allocated to defensive 
activities. Thus, the cost minimization problem is expressed as: 

Min D =XPiY” (6) 
subject to H~Yl,Y2, . ..YN.C) = HM 
Td given. 

The defensive expenditure function is defined as: 

D =~piY~(H,C,Td) (7) 

where Y~(H,C,Td) is the value of Yi chosen to minimize equation (6) given 
H, C anaTd. 

The first-order partial derivatives are assumed to have the following 
signs: 

aD/ac > 0 aD/aH > 0 8D/8Td < 0. (8) 
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Figure 2.1 Health Cost Function
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Note that actual (monetary) defensive expenditures are assumed to
decrease wi th  increas ing t ime inputs .More t ime in tens ive aver t ing
actions, such as haul ing water, are assumed to require less monetary costs
than  ave r t i ng  ac t i ons  wh i ch  requ i re  l i t t l e  t ime ,  such  as  pu rchas ing  bo t t l ed
water  or  a  home pur i f ica t ion system.

The le isure expendi ture funct ion can be s imi lar ly  def ined.
Ind iv idua ls  are  assumed to  a t ta in  a  cer ta in  amount  o f  le isure a t  least
cost . The  l e i su re  expend i t u re  f unc t i on  i s  s ta ted  f o rma l l y  as :

(9)

T h e  h e a l t h  c o s t  f u n c t i o n  i s  i l l u s t r a t e d  i n  F i g u r e  2 . 1 .  H e a l t h  i s
assumed to  be increas ing ly  expens ive as the heal th  leve l  is  increased.

Income in this model is divided into two components, exogenous
income, M, and income obtained from work.Individuals are assumed
for a wage rate of W which is a funct ion of the hours worked, Tw .
t o t a l  i nd i v i dua l  i ncome  i n  t h i s  mode l  i s  de f i ned  as :

I = M+W(TW) (10)

where w’>0 and W“>O.

The consumer’s problem can now be expressed in terms of the
expenditure funct ions and t ime and income constraints as:

(11)

To solve for the optimal levels of the endogenous variables, X, L,
T1 and Td, a Lagrangian is set up as:

to work
Thus,

H, Tw,

Next, the Lagrangian is dif ferentiated with respect to X, H, L,
Td and the results are set equal to zero to obtain the fol lowing f irst-
order condit ions:

(13)

The next step is to express the costs of an increase in C in terms of
willingness to accept and willingness to pay. This can be obtained by
employing the indirect ut i l i ty function (Porter and Courant, 1981). The
ind i rec t  u t i l i ty  funct ion for  th is  prob lem is  def ined as:
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(14)

where X*, H*, L*, T*, T* and T* are optimal values of the choice
var iab les . The  i nd i r ec t  u t i l i t y  f unc t i on  i s  t o ta l l y  d i f f e ren t i a ted  t o
obtain:

(15)

The WTA a marginal increase in C is the increase in M such that utility
remains unchanged. Accordingly, dV is set equal to zero in equation (15)
and dM/dC can be stated as:

(16)

Equation (16) is the WTA a marginal increase in C, or equivalently, the WTP
for a marginal decrease in C.

The WTA can be specified further by redefining the terms in equation
(15). This can be accomplished by examining the partial derivatives of the
numerator and denominator. Using equation (14), EN/aC can be restated as:

(17)

Using the first-order conditions (equation 13), most terms cancel out and
the result ing expression is:

(18)

The ilV/ilM expression is redefined by part ial ly dif ferentiat ing the
ind i rec t  u t i l i t y  funct ion wi th  respect  to  M to  obta in :
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(19)

Using the first-order conditions from equation (13), most terms cancel out
and the simpli f ied expression is:

(20)

Substituting the expressions obtained in equations (18) and (20) into the
expression for dM/dC in equation (16) results in:

(21)

This result is the true WTA measure, or the necessary compensation to hold
uti l i ty constant with an increase in the contaminant level as defined in
equation (2). In other words, this is the increase in expenditures
necessary to maintain the original ut i l i ty level given the original optimal
Td . The sign of equation (21) is expected to be positive since the direct
effect of increase in C should cause individuals to increase their avert ing
expenditures. This is a reasonable expectation since individuals are
assumed to be damaged by an increase in C. Also, contingent valuation
studies have reported positive contingent bids for improvements in
environmental qual i ty (Berger, et al. ,  1987).

The theoretical measure of WTA will generally differ from the
observed change in averting expenditures associated with an increase in the
contaminant level. The actual change in D that will be estimated in this
research is the change in averting expenditures plus the time costs. The
change in monetary defensive expenditures is obtained by totally
dif ferentiat ing the defensive expenditure function, equation (6), with
respect to C and is expressed as:

(22)

The first term of equation (22) is the true WTA from equation (21). The
sign of i3H /i3C is negative as long as health is not a Giffen good. The
s ign o f  ilD/i3H  is  pos i t ive  accord ing to  the cost  funct ion i l lus t ra ted in
Figure 2.1. Thus, the sign of the second term of equation (22) is
general ly negative. The sign of aD/ilT is demonstrated as negative by
referr ing to condit ion 6 of equation (13). The equal i ty  is  sat is f ied on ly
when ilD/aT is negative, assuming that A (the valuation of a marginal
increase in income) and 6 (the valuation of a marginal increase in time)
are both posit ive. The sign of fJTd/aC is assumed to be positive since
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individuals are hypothesized to spend more time undertaking defensive
actions when contamination increases.

An additional term expressing the implied cost of additional time
spent undertaking averting activities must be added to equation (22) to
obtain the total value of the increase in resources al located to pol lut ion
aversion. The change in time spent undertaking defensive actions in
response to a contaminant level change is defined as tlT /~C. The
opportunity cost of t ime, in terms of the numeraire good, is the wage rate
(see conditions 2, 4, 5 and 6 of equation 13).

Accordingly, the total value of the change in resources allocated to
defensive activities (D ) associated with a contamination change, including
the opportunity costs ofhousehold  t ime used in  aver t ing ac t iv i t ies ,  is :

(23)

Condition 6 of equation (13) can be utilized to redefine
Since W equals 6/A from equation (21), the last two terms of equation (23)
cancel out and the observed change in defensive expenditures simplifies to:

(24)

As previously stated, the f irst term on the r ight-hand side of equation
(24) is the WTA. The second term is negative. Thus, the change in
defensive expenditures underestimates true WTA for an increase in C, or WTP
for a C decrease. The change in defensive expenditures provides a lower-
bound estimate of WTA or WTP based on the model’s assumptions. This
conclusion has also been reached by Barrington and Portney (1987), Berger,
et al. (1987) and Bartik (1988) with similar assumptions.

2.9. Analyzing Averting Expenditure Levels for Non-Marginal
Changes in Water Quality

This section analyzes the relationship between the change in
defensive expenditures and the CV and EV measures of economic benefits for
non-marginal changes in water quality. The difference between CV and EV
can be fur ther  i l lus t ra ted graphica l ly . There exists a tradeoff between X
and H according to the assumptions made in the marginal analysis. The
price of X is assumed to be constant at a unit value. Health is assumed to
be increasingly expensive as health increases. A consumption possibi l i t ies
curve, CC, is depicted in Figure 2.2. Compensating variation and
equivalent variat ion are i l lustrated in Figure 2.3. Before a contamination
increase, Ho and XO are the chosen optimal values to achieve a maximum
u t i l i t y  o f  UO. The increase in C causes the consumption constraint to
rotate inward from point M to CC~ with the new optimal values of the choice
variables as Xl and H1. The CV is measured by shifting CC1 upward in a
paral lel  manner unti l  i t  is tangent to UO. The EV is measured by shif t ing
CCO downward by parallel amounts until it is tangent to U1.
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Figure 2.2 Consumption Possibi l i t ies Curve
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Figure 2.3 Compensating and Equivalent Variation
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An expenditure function can be defined as E(C,U) where E is the
expenditure necessary to reach uti l i ty U at a contaminant level of C. For
an increase in C from Co to Cl, CV and EV can stated as:

(25)

The purpose of the following analysis is to compare the observable
change in defensive expenditures with CV and EV for an increase in
contamination. The actual change in defensive expenditures is:

(26)

where AD is assumed to be a positive value. In this model, households’
expenditures must either be for X or for defensive inputs. The expression
for CV in equation (25) can be expanded to:

(27)

Note that expenditures must be allocated between X and D in the first term
of the CV expression in equation (27) so that ut i l i ty is held constant at
UO but health is not restr icted to a specif ic value. By adding
[D(Ho,  c~)+x(Ho,  CO)l to equations (26) and (27) and setting the two
expressions together, CV and AD can be compared using the following
expressions:

(28)

If  the left-hand side of equation (28) is greater than the r ight-hand
side, then CV>AD. Conversely, i f  the r ight-hand side is greater than the
left-hand side, then AD>CV. These values can be compared by utilizing
graphical analyses. Several possibi l i t ies wil l  be explored and their
implications discussed.

The analyses can be simplified by making some further restrictions.
First,  the increase in C wil l  not result  in an increase in the health
var iab le . In other words, health is not a Giffen good. Second, the
increase in C wil l  not result  in an increase in expenditures on X. This
implies that defensive expenditures will not decrease in response to the
increase in C. This appears to be reasonable based on theoretical and
empirical evidence (Smith and Desvouges, 1985).

The boundaries of possible outcomes can now be demonstrated. Figure
2.4 represents the restr ict ion of the f i rst assumption. The increase in C
sh i f ts  the consumpt ion poss ib i l i t ies  const ra in t  f rom CCO to  CC1. Let
health remain constant at Ho after optimizing along CC1. Note that the
change in X must equal the negative of the change in D since income is
constant before any CV considerations. The change in defensive
expenditures is XO-Xl. The ICVI is  ind icated in  the graph.  By def in i t ion,
ICVI is the vert ical distance between CCV and CC1. The curve CC” must l ie
below CCO at the vertical line originating at Ho based on the assumed
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Figure 2.4 Compensating Variation (AH=O)
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convexity of indifference curves and concavity of the consumption
poss ib i l i t ies  const ra in t .  The s lope o f  CCV is  greater  in  abso lu te  va lue
than CCO along a vertical line from Ho since health is assumed not to
increase. In this extreme situat ion, the conclusion is that AD is greater
t han  ICVI.

The implications of the second assumption are illustrated in Figure
2.5. Exploring the l imit  of the assumption, let the change in C result  in
no change in X according to the positions of the indifference curves.
Since -AX=AD,  the change in D must also be zero in this case. The ICVI is
some positive value in the graph so ICVI is clearly greater than the change
in defensive expenditures when AX=O.

The curve of possible optimized outcomes of X and H after a C
increase can now be restricted to the line CC1 below the horizontal line at
X and to  the le f t  o f  the ver t ica l  l ine  a t  Ho. S ince AD>lCV] when AH=O  and

I !Vl >AD when AX=O, there must be a situation where ICVI =AD. This situation
is represented in Figure 2.6. To obtain the condition when ICVI=AD,
equation (28) can be set as an equality. Total expenditures are l imited by
income without any CV considerations and CV can be described as an increase
in income. Thus, the first expression of equation (28) can be rewritten
as:

(29)

where D1 and Xl are optimal values chosen after the increase in C.

An assumption is that X decreases with the increase in C, or that
AD>O, since a case of ICVI=AD  is being considered. So, XO=X -AX where AX
is negative. The second expression of equation (28) can now be stated as:

(30)

The condi t ion for  ICVI=AD  that  fo l lows is :

(31)

This expression simpli f ies to:

(32)

Referring to Figure 2.6, note that XO-Xl is equal to ICVI measured
along a ver t ica l  l ine a t  H1 s ince CCV in tersects  a  hor izonta l  l ine a t  XO a t
point A along the vert ical l ine at H1. If a CV was given to a household or
individual, optimization would occur where the slope of CCV equals the
slope of I.Jo. This would occur at point B and the resulting level of health
would be Hv. The assumptions of the model dictate that Hv<H1.
Compensating variation can be viewed as an increase in income in this
s i t ua t i on . The case of Hv<H~  would occur only when health has a negative
income elast ici ty. While this is a possibility, the outcome appears
unlikely under reasonable assumptions. The assumption made in the
marginal analysis that i3U/i3H>0 appears appropriate for non-marginal
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Figure 2.5 Compensating Variation (AX=O)
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Figure 2.6 Compensating Variation
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changes in water quality. The AX in this case approaches the maximum
allowed by the assumption of AH=O. This implies a large increase in
defensive expenditures as a result of the increase in C. Thus, a large
valuation of health is implied. After receiving a CV, decreasing health
(by reducing defensive expenditures), and inferring a negative income
elast ici ty for health, appears to contradict previous behavior. Thus, for
a rational individual, the statement can be made with considerable
confidence that ICVI does not equal AD.

The two possibi l i t ies that remain are ]CV]>AD  or ICVI<AD.
Considering the previously stated possibi l i t ies along CC1, the tangency of
U1 and CC1 will occur either between points A and B or between points B and
C in Figure 2.6. Upon receiving a CV, the rational expectation was that
health would increase. Referring back to Figure 2.4, the increase in C
causes the slope of CC1 to be greater in absolute value than CCO at all
vertical cross-sections so the point of tangency between CCV and UO will be
to the left  of Hn with the assumption of convex indif ference curves. In
the case in Figure 2.5, health will increase with a CV,
health level above H1 after a CV.

Based on the assumption that health increases with
income, such as a CV, and constant prices, the expected
and CCI would occur between points A and B along CC-I in

wi th  a  resu l t ing

an increase in
in tersect ion o f  U1
F igure 2.6 .  A long

th is  poss ib i l i t ies  curve,  ICVI wi l l  a lways be greater  than the change in  
defensive expenditures. So, AD is a lower bound estimate of ICVI based on
reasonable assumptions.

Some indication can be made as to the accuracy of AD in estimating
ICVI. Note that  in  the s i tuat ion where AX=IAD =0 in Figure 2.4, the
difference between ICVI and AD was the entire CVI measure. AS  Ax
increases in absolute value, the difference between CVI and AD decreases
until a situation such as Figure 2.6 occurs when ICV =AD. Thus, as the
absolute value of AX, or the value of AD, increases, AD is a more accurate
measure of ICVI. The accuracy of AD in estimating ICVI depends on the
judgement as to the size of AD. A “large” AD implies an accurate
estimation of ICVI while a “small” AD means a poor estimate of ICVI. No
standard exists for determining a large or small AD but various measures
may be suggested, such as determining the percentage of households which
increase D in response to an increase in C, comparing the AD with the level
of D before the increase in C, determining relative income shares of
avert ing expenditures and est imating income elast ici t ies. D a t a  c o l l e c t e d  
from dif ferent communit ies could prove helpful in determining relat ive
sizes of increases in defensive expenditures associated with increases in
contamination levels.

The next step in the analysis is to compare the change in D with the
EV . The restrictive assumptions made for the CV analysis can also be
applied to the EV case. Assume that the increase in C will result in an
optimized solution where X and H will not increase.

Proceeding similar to the CV analysis, define one extreme outcome as
constant health after an increase in C, actual or proposed, without any EV
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considerations. This is represented in Figure 2.7. The change in defensive
e x p e n d i t u r e s  i s  (XO-Xl). The  s l ope  o f  CC i s  g rea te r  i n  abso lu te  va lue
than CCO a t  any ver t ica l  c ross-sect ion.  Thus,  sh i f t ing  CCO inward to
establish an EV will result in a tangency with U1 that must be to the right
o f  a  ver t ica l  l ine  f rom Ho. A long the l ine Ho, EV is  greater  in  abso lu te
value than the change in defensive expenditures.

Next, the case of no change in X after an increase in C is depicted in
Figure 2.8. Since X does not change, AD=O. However, the absolute value of
EV is greater than zero. The possibi l i t ies curve of optimized solut ions of
X and H after the C increase can now be defined as CC1 between points A and
B in  F igure 2 .8 .  A long th is  poss ib i l i t ies  curve,  the IEVI wi l l  a lways be
greater than the change in defensive expenditures. Therefore, AD will be a
lower  bound est imate o f  EVI .

Note that ]EVI is greater than AD in Figure 2.8 by the total amount of
IEVI . As AD increases to an assumed maximum value in Figure 2.7, the
dif ference between IEVI and AD decreases. Similar to the CV case, the
accuracy of AD in est imating IEVI is a funct ion of the size of AD, which is
determined by the shapes of the indifference curves and consumption
constraints. A difference between the CV and EV cases is that AD will
never be equal to or greater than IEVI since the EV curve must be tangent
t o  U1 t o  t he  r i gh t  o f  whe re  CC1 i s  t angen t  t o  U1.

The  case  o f  IEVI=ICVI  i s  i l l u s t ra ted  i n  F igu re  2 .9 .  ]CVI w i l l  equa l
EVI when the vertical distance between UO and U1 is constant for all
vertical cross-sections in the space being considered. In this graph, the
EV measured along the vertical line at Ho is equal to the ICVI, measured
along a vertical line at Hl, when the vertical distance between Uo and U1
is the same at the two cross-sections. Note that this case impl ies that
the health level that would be chosen after a CV is equal to H and the
health level chosen after an EV is Ho. This can be interpreted by stat ing
that health must have a zero income elasticity of demand for ICVI to equal
IEVI . As Freeman (1979) explains, if health has a positive income
elasticity, the CV will exceed the EV in absolute value. Thus, i f  health
is assumed to have a positive income elasticity, AD< EV <ICVI and AD would
be a more accurate lower bound measure of IEVI than Cv .

2.10. Possible Complications and Further Considerations of the Model

The applicability of any economic model depends on the reasonableness
of the assumptions. An important assumption considered by Bartik (1988)
was that defensive measures provide no sunk costs. This assumption is
valid for all averting actions related to home water use except the
instal lat ion of a home water puri f icat ion system. Such a system is likely
to provide benefits lasting beyond the duration of a specific water
contamination incident. Violat ion of this assumption impl ies that the ful l
purchase price of the durable good can not be attributed to the change in
water  qual i ty . Some proportion of the cost of the system may be attributed
to the expected protection to be provided after a contamination incident.
An important distinction needs to be made between actions which are a
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Figure 2.7  Equiva lent  Var ia t ion (AH=O)
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Figure 2.8  Equiva lent  Var ia t ion (AX=O)
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Figure 2.9 Compensating Variation = Equivalent Variation
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direct response to the change in water quality and those which are taken
because of other reasons. However, such a distinction is not always
c lear ly  def ined. Some doubt may exist concerning whether some costs should
be included as averting expenditures. When such doubts arise, these costs
should not be included as averting expenditures since a lower-bound
estimate is being calculated. Averting expenditure estimates may no longer
be a lower-bound estimate of WTP if questionable costs are included.

Courant and Porter (1981) indicate that defensive expenditures
provide poor estimates of WTP when the quality of the environmental factor
en te rs  d i r ec t l y  i n to  t he  u t i l i t y  f unc t i on . The model presented here
assumes that C does not enter into the utility function. However, this may
not always be true for household water quality issues. Situations where
water  qual i ty  d i rect ly  enters  in to  the ut i l i ty  funct ion inc lude a
contamination incident or defensive measure affecting the taste or odor of
the water and situat ions involving aesthetic factors of water qual i ty.

Another important assumption to consider is that the averting goods
must exhibit  no joint production (Pol lack and Wachter, 1975). Jointness in
production implies that the averting good is an input into the production
function of two or more commodities. If  an avert ing good exhibits
jointness in production, expenditures on the good are theoretical ly divided
among the production of each commodity involved. A good example of
jointness in production is the use of air conditioners to reduce exposure
to  a i r  po l l u t i on . A port ion of air condit ioner expenditures may ref lect a
desire to protect oneself  from the harmful effects of air  pol lut ion.
However, another portion may reflect a desire to cool one’s personal
environment. Thus, air conditioners may be an input into the production of
two commodities, health and personal comfort.

Whether or not averting goods affecting water quality exhibit
jointness in production seems to depend on the presence of contamination.
Consider the purchasers of bottled water in a community which has not
experienced a recent contamination incident. The reasons for purchasing
bottled water are likely to include protection from hazardous chemicals and
better taste than tap water. In  th is  s i tuat ion,  a l l  bot t led water
expenditures can not be direct ly attr ibuted to exist ing contamination since
the taste may also be a reason for purchasing bottled water. Next,
consider bottled water purchases in a community which has experienced a
recent contamination incident. The expenditures before the contamination
are l ikely to exhibit  jointness in production for the same reasons given
above. However, an increase in bottled water expenditures after the
contamination appears less l ikely to exhibit  jointness in production. The
increase in bott led water expenditures can be direct ly attr ibuted to the
increased health risks of the contamination and not changes in tastes and
preferences.

Several other possible complications of defensive expenditure models,
noted by Barrington and Portney (1987), arise when income effects are
considered due to work loss through illness caused by the contaminant. The
cost of illness due to a contamination incident is most often applied to
contaminants which cause short-term health effects, such as the Giardia
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contamination incident studied by Harrington, et al.  (1985). The health
related effects of the contamination incident under study are long-term and
not easi ly attr ibutable to the specif ic contaminant. Thus, the cost of
illness due to the contamination incident cannot be directly estimated.
However, a method may be proposed to estimate the cost of illness through
an indirect stat ist ical approach when the health effects are long-term.

Consider a contamination incident which effects a population size of
P. Assume that the contaminant causes no short-term health effects but
increases the probabi l i ty of contract ing a certain disease or ai lment, such
as cancer. Scienti f ic analysis can determine the increased probabil i ty, I ,
of developing cancer associated with the duration of the contamination
inc ident . Thus, (P*I) is a stat ist ical est imation of the number of cancer
cases in the future in the affected area that can be attributed to the
contamination incident. An estimation of the cost associated with an
occurrence of cancer must be made. This figure could be discounted by
determining the expected time until onset of cancer and applying a
discount factor. Li t t le information exists concerning the long-term health
effects of many contaminants. This research will not attempt to estimate
the cost of il lness associated with a contaminant with long-term health
effects but possible cost of il lness factors should be kept in mind when
referr ing to the est imates presented.

2.11. Risk Perception and Valuation

Individuals are exposed to many environmental factors that present
heal th  r isks . Since evidence of averting behavior does exist, individuals
appear to perceive certain risks to be significant enough to undertake
protective actions to reduce exposure. The actual health effects produced
by changes in pollution levels are not completely understood in medical
terms and health risks are understood even less by the public (Runge,
1983) . Also, there is likely to be differences between actual and
perceived risk levels (Smith, 1985) due to a lack of information or
a t t i tudes.

Weinstein and Quinn (1983) gave several examples of policies which
they believed to be inefficient, including the Clean Air Act and amendments
to the Social Securi ty Act. They attr ibuted these ineff iciencies to
inadequate measurement of risk and the value of statistical lives saved by
po l i c i es . The suggestion was made that voluntary risks are accepted more
wi l l ing ly  than invo luntary  r isks so d i rect ly  compar ing d i f ferent  types of
risks may be improper. Also, pol icies which reduce r isks with certainty
may be valued more than those which have a degree of uncertainty. Also,
anxiety seems to have a large role in determining views towards
environmental risks but this may not be empirically measurable.

Smith and Desvouges (1988) reported that ex ante expenditure
functions can be ut i l ized to incorporate r isk att i tudes in valuing
pol icies which reduce r isk. Further, risk perceptions may not necessarily
correspond to actual risk levels since individuals make decisions based on
their perceptions and att i tudes. They indicated that addit ional
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information needs to be el ici ted concerning individuals’  r isk perceptions.
The lack of empirical data on risk perceptions and attitudes also affects
the theoret ical development of r isk issues. Smith and Desvouges indicated
that theoretical and empirical work should be conducted in conjunction with
each other to obtain results which have policy relevance.

Another recent approach to risk analysis is conducting economic
experiments, such as Shogren (1988). In an experimental setting,
respondents have the possibility to receive actual monetary compensation,
based on their choices during a personal interview. Shogren stressed the
beneficial  effect that instruct ion, given by the interviewer, had on the
effectiveness of respondents’ choices. However, dif f icult ies may arise in
applying experimental methods of valuing environmental risks since the
consequences of environmental decisions may occur over a long period of
t ime. These methods are presently used to resolve immediate risk choices.

The two methods most commonly used to value risk changes are human
capital  and the “value of a stat ist ical l i fe” (Viscusi,  1986). The human
capital approach normally uses labor market information to determine risk
and income differences of different occupations. Workers are assumed to be
compensated (in terms of higher wages) for undertaking high risk jobs.
Another application of the human capital approach is to value lost lives by
foregone wages. The va lue o f  a  s ta t is t ica l  l i fe  represents  soc ie ty ’s
willingness to pay for actions that reduce expected deaths by one without
reference to the specif ic individual whose l i fe is saved (Fisher, et al . ,
1989) . For example, suppose a policy is anticipated that reduces a certain
risk of death by 1 in 1,000. Assume 1,000 individuals were willing to pay
an average of $100 each for this risk reduction. Since the policy reduces
the risk by 1 in 1,000, one death in a community of 1,000 individuals is
l ikely to be prevented by the pol icy. Note that this represents a
s ta t is t ica l  p ro jec t ion,  not  ac tua l  hea l th  e f fec ts .  Thus,  the va lue o f  a
s ta t is t ica l  l i fe  is  ca lcu la ted as soc ie ty ’s  w i l l ingness to  pay to  save th is
one s ta t is t ica l  l i fe ,  or  $100,000.

The value of a statistical life approach represents an improvement
over the human capital approach because the values estimate the actual
benefi ts (costs) of health increases (reductions) (Viscusi,  1986).
Society’s wi l l ingness to pay to reduce r isks using the value of stat ist ical
lives has recently become an important instrument in designing public
po l ic ies  which in f luence r isk  leve ls  (F isher ,  e t  a l . ,1989) . The pertinent
factor in designing environmental r isk pol icies should be the reduction in
the probabil i ty of death or injury for a large number of individuals
(Viscusi,  1986). This emphasizes the need to estimate the value of a
statistical life, which may vary according to the type of risk (Thompson,
1986) . Viscussi reasoned that the value of a stat ist ical l i fe should also
vary  accord ing to  the basel ine r isk .  He i l lus t ra ted th is  po in t  by
referring to a Russian roulette example. One would be willing to pay an
“inf ini te” amount for removal of the f i rst bul let but a lower price for the
removal of successive bullets.

Many researchers have empirically attached values to a statistical
l i fe by using various means to el ici t  information of WTP for r isk



39

reduction. Contingent valuation methods have frequently been used
(Thompson, 1986; Smith and Desvouges, 1987; Viscusi, Magat and Huber,
1989) . Smith and Desvouges surveyed residents of suburban Boston by asking
d i rect  w i l l ingness to  pay quest ions for  d i f ferent  probabi l i t ies  o f  r isk
reduction from dif ferent basel ine r isks. Their f indings contradicted
conventional ut i l i ty theory by indicating that the marginal valuation of
r isk decreased with increases in basel ine r isk. They hypothesized that
this unexpected result may be attributed to respondents’ lack of
understanding of actual r isk levels. They suggested that future work
concentrate on better el ici tat ion of r isk perceptions and behavioral
responses to actual incidents in which risk changes occur.

Viscusi, et al. (1989) offered a new approach which used CV methods
to measure r isk-r isk tradeoffs. Indifference points were determined by
presenting two areas, one with a fixed probability of auto death and the
other with a comparatively low r isk of chronic bronchit is. The r isk of
developing chronic bronchitis was increased until the respondent indicated
indifference between the two locations.

The results of several est imation attempts to value a stat ist ical l i fe
were summarized by Viscusi (1986). Table 2.1 l ists several of the research
attempts included in the art ic le. The values ranged from $560,000 to $11
million, measured in 1982 dollars. He emphasized that the lower values
tended to ref lect valuations towards voluntary r isks, such as seat belt
use, while involuntary risks such as those associated with nuclear power
and a i r l ine safe ty ,  genera l ly  resu l ted in  larger  va lues.  V iscus i  s ta ted
that with better understanding and research, policy analysis should be able
to catalog acceptable and rel iable values for stat ist ical l ives in a
va r i e t y  o f  r i s k  s i t ua t i ons .

2.12. Summary

This chapter presented a model of defensive expenditures for marginal
and non-marginal changes in the quality of environmental factors. The
model indicated that defensive expenditures are a lower bound estimate of
theoretical measures (WTP) under certain assumptions. Most of the model’s
assumptions appear to hold true when considering changes in household water
qua l i t y . Therefore, the change in defensive expenditures associated with a
contamination incident can be used to generate a lower bound estimate of
the costs of the incident.

Risk perceptions may inf luence individuals’ behavior ( including
avert ing expenditures). F ina l ly ,  the “va lue o f  a  s ta t is t ica l  l i fe ”  has
become an important instrument to value risk changes in policy analyses.
However, no previous studies have calculated the value of a statistical
l i fe using information on avert ing expenditures.
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Table 2.1 Summary of Obatined Values of a Statistical Life
(Viscusi, 1986)

Impl ic i t  Va lue
Invest igator Sample o f  L i f e

1. Blomquist
(1980)

2. Brown (1980)

3. Olson (1981)

4. Portney (1981)

5. Thaler and
Rosen (1976)

6. Viscusi (1979)

7. Viscusi (1981)

Seatbelt usage, Panel
Study of Income
Dynamics, 1972 $560,000

National Longitudinal
Survey, 1967-1973 $1-$1.5 million

Current Population
Survey, 1973 $7.4 million

Air Pol lut ion and
Property Values $593,000-$890,000

Survey of Economic
Opportunity, 1967 $580,000

Survey of Working
Conditions, 1970-71 $2.9-$3.9 mi l l ion

Panel Study of Income
Dynamics, 1976 $7-$11 million


